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DESCRIPTION 



SAW DEVICE 



5 Technical Field 

The present invention relates to a surface acoustic wave device having 
operating frequencies in the range of several hundreds of MHz to several tens 
5j of GHz and, more particularly, to a surface acoustic wave device having 

m 

p excellent operation characteristics at high operating frequencies. 

■ [ 10 

=P Background Art 

O 
j" 

■SI A surface acoustic wave device, which uses a surface acoustic wave 

S3 

being transmitted while energy is concentrated on the surface of a solid, is 
small, easy to produce and stable in temperature characteristics. Hence, the 

15 surface acoustic wave device is used as filters for TV receivers and the like. 
The surface acoustic wave device generally comprises interdigital transducers 
formed on the surface of a piezoelectric body. A typical surface acoustic wave 
device has a pair of interdigital transducers on the surface of the piezoelectric 
body to generate a surface acoustic wave. An alternating current applied to 

20 the input interdigital transducer is converted into mechanical energy on the 
surface of the piezoelectric body. However, since the electrode is comb-shaped, 
compression occurs in the piezoelectric body, and an acoustic wave generates. 
The acoustic wave is propagated through the surface of the piezoelectric body 



and reaches the output interdigital transducer. The surface acoustic wave 
having reached the output interdigital transducer is converted further into 
electrical energy hy the output interdigital transducer and then output. 

In recent years, the amount of information transmission has increased, 
and the range of transmission signals is expanding to the microwave range. 
The demand for devices capable of being used in the range of GHz is increasing. 
Generally, the operating frequency of a surface acoustic wave device depends 
on the propagation velocity and wavelength of a surface acoustic wave, and the 
wavelength is determined by the periodic length of the interdigital transducer. 
When electrodes having the same periodic length are used, in other words, 
when surface acoustic wave devices are used at the same wavelength, a surface 
acoustic wave device having a higher wave propagation velocity inside the 
material thereof can be used up to higher frequencies. Hence, a method has 
been proposed wherein a diamond having the highest velocity of sound among 
all substances (the velocity of the transverse wave: 13000 m/s, the velocity of 
the longitudinal wave: 16000 m/s) is used as a substrate (for example, Japanese 
Unexamined Patent Publication No. 64-62911). 

Generally, a surface acoustic wave device having a larger 
electromechanical coupling coefficient (an index of conversion efficiency when 
electric energy is converted into mechanical energy) operates at higher 
efficiency. In particular, it is preferable that the electromechanical coupling 
coefficient is not less than 0.5%. Furthermore, when using the device at high 
operating frequencies, the propagation velocity of the wave is required to be 
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high. 

In a surface acoustic wave device having a structure wherein a ZnO 
layer is stacked as a piezoelectric body on a diamond layer, it is possible to 
obtain a device that generates a surface acoustic wave having a high 
propagation velocity and that has a large electromechanical coupling coefficient 
by limiting the thickness of the ZnO layer in a specific range (for example, 
Japanese Unexamined Patent Publication No. 9-51248, Japanese Unexamined 
Patent Publication No. 10-276061, etc.). 

In the case where a piezoelectric thin film formed on a substrate is used, 
the propagation velocity and electromechanical coupling coefficient depend not 
only on the material of the piezoelectric thin film and the substrate but also on 
the thickness of the piezoelectric thin film. Furthermore, when the thin film 
is used, the quality of the film affects the operation characteristics of the 
surface acoustic wave device and is required to be excellent in order to attain a 
high propagation velocity, a high electromechanical coupling coefficient and a 
low propagation loss. However, in the surface acoustic wave devices disclosed 
in the above-mentioned Japanese Unexamined Patent Publication No. 9-51248, 
Japanese Unexamined Patent Publication No. 10-276061, etc., since the 
thickness of the ZnO layer is relatively small, the quality of the film 
deteriorates, whereby the propagation loss increases and the electromechanical 
coupling coefficient becomes smaller than its theoretical value. As a result, 
proper surface acoustic wave devices are not obtained. 

In view of the above-mentioned situations, the present invention is 



intended to provide a surface acoustic wave device comprising a diamond and 
having a structure wherein a ZnO layer is formed on the diamond, having 
operating frequencies in the range of several hundreds of MHz to several tens 
of GHz, and being capable of selectively using high operating frequencies. 

Disclosure of Invention 

The present invention attains a surface acoustic wave device comprising 
a diamond substrate or a diamond layer formed on a subsrate, a ZnO 
piezoelectric thin film layer, an interdigital transducer layer and a short-circuit 
electrode layer, wherein the range of the thickness of the ZnO film is 
determined depending on the wavelength of a surface acoustic wave, and the 
mode of the surface acoustic wave is specified simultaneously, whereby the 
surface acoustic wave device has a large surface acoustic wave propagation 
velocity (V > 5500 m/s) and a large electromechanical coupling coefficient (K 2 > 
0.5%), and in particular, the surface acoustic wave device has small 
propagation loss and operates at high frequencies. 

Surface acoustic wave devices obtained in ten different conditions and 
structures will be described here. Hereinafter, the thickness of the ZnO film is 
designated by H and represented by (2n-WX^, that is, the thickness divided 
by the wavelength X M of a surface acoustic wave to be propagated and 
multiplied by 2n. In a similar way, the thickness of either the diamond 
substrate or the diamond layer is designated by HD and represented by 
(27t-HD/ X m), that is, the thickness divided by the wavelength and multiplied by 
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2%. These are dimensionless parameters. 

According to experiments by the inventors of the present invention, it is 
known that the ratios of the thicknesses H and HD to the wavelength have an 
effect on the propagation velocity V and the electromechanical coupling 
5 coefficient K 2 . Hence, it is useful to classify the conditions according to the 
above-mentioned parameters. Figures 1 through 4 are sectional views of the 
U surface acoustic wave devices of the present invention. These are referred to 
m as Types I, II, III and IV for the sake of simplicity. 

1 

*f 10 Brief Description of Drawings 

]= Figure 1 is a cross-sectional view showing an example of the Type I 

5 

j; surface acoustic wave device of the present invention; 

D 

Figure 2 is a cross-sectional view showing an example of the Type II 
surface acoustic wave device of the present invention; 
15 Figure 3 is a cross-sectional view showing an example of the Type III 

surface acoustic wave device of the present invention; 

Figure 4 is a cross-sectional view showing an example of the Type TV 
surface acoustic wave device of the present invention; 

Figure 5 is a graph showing the relationship between the thickness of 
20 the ZnO and the phase velocity V of a surface acoustic wave in the case where 
the thickness of the diamond layer is (2jc-HD/ X J = 4.0 in an embodiment of the 
present invention; the values indicated by squares represent a zeroth order 
mode, the values indicated by lozenges represent a first order mode, the values 
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indicated by circles represent a second order mode, the values indicated by 
triangles represent a third order mode, the values indicated by x marks 
represent a fourth order mode, and the values indicated by + marks represent a 
fifth order mode; the above-mentioned relationships between the marks and 
the orders of the modes are the same as those shown in Figs. 6 through 9. 

Figure 6 is a graph showing the relationship between the thickness of 
the ZnO layer and the electromechanical coupling coefficient K 2 in each mode in 
the case where the thickness of the diamond layer is (27i HD/ X m) = 4.0 in Type I 
surface acoustic wave device in accordance with the embodiment of the present 
invention; 

Figure 7 is a graph showing the relationship between the thickness of 
the ZnO layer and the electromechanical coupling coefficient K 2 in each mode in 
the case where the thickness of the diamond layer is (27t HD/l ^ = 4.0 in Type 
II surface acoustic wave device in accordance with the embodiment of the 
present invention; 

Figure 8 is a graph showing the relationship between the thickness of 
the ZnO layer and the electromechanical coupling coefficient K 2 in each mode in 
the case where the thickness of the diamond layer is = 4.0 in the 

Type III surface acoustic wave device in accordance with the embodiment of the 
present invention; 

Figure 9 is a graph showing the relationship between the thickness of 
the ZnO layer and the electromechanical coupling coefficient K 2 in each mode in 
the case where the thickness of the diamond layer is (2n-HD/l^ = 4.0 in the 
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(awe«Jed passes) 

Type IV surface acoustic wave device in accordance with the embodiment of the 
present invention; 

Figure 10 is a graph showing the relationship between the thickness of 
the ZnO layer and a propagation loss in the case where the thickness of the 
5 diamond layer is (271-HD/ X m) = 4.0 in Type I surface acoustic wave device in 
accordance with the embodiment of the present invention; 
% Figure 11 is a plan view showing interdigital transducers used for the 

li 

sg embodiment of the present invention; and 

p Figure 12 is a plan view showing double interdigital transducers used 

s 10 for another embodiment of the present invention. 

O 
=P 
O 

Jf! 

f 3 Best Mode for Carrying Out the Invention 

fa 

Figure 1 is a view showing the Type I surface acoustic wave device. In 
this device, a diamond layer 2 is formed on a Si substrate 1, a ZnO layer 3 is 
15 provided on the diamond layer 2, and interdigital transducers 4 are formed on 
the ZnO layer 3. This device corresponds to Types (2) to (4) described later. 

Figure 2 is a view showing the Type II surface acoustic wave device. In 
this device, a diamond layer 2 is formed on a Si substrate 1, and interdigital 
transducers 4 are formed on the diamond layer 2. Furthermore, a ZnO layer 3 
20 is formed on the interdigital transducers 4. This device corresponds to Type 
(5) described later. 

Figure 3 is a view showing the Type III surface acoustic wave device. 
In this device, a diamond layer 2 is formed on a Si substrate 1, interdigital 
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transducers 4 are formed on the diamond layer 2, and a ZnO layer 3 is formed 
on the interdigital transducers 4. The structure obtained up to this stage is 
the same as that of the Type IE surface acoustic wave device. Furthermore, a 
short-circuit electrode layer 5 is formed on the ZnO layer 3. This device 
corresponds to Types (6) and (7) described later. 

Figure 4 is a view showing the Type IV surface acoustic wave device. 
In this device, a diamond layer 2 is formed on a Si substrate 1, a short-circuit 
electrode layer 5 is formed on the diamond layer 2, a ZnO layer 3 is formed on 
the short-circuit electrode layer 5, and interdigital transducers 4 are formed on 
the ZnO layer 3. This device corresponds to Types (8) to (10) described later. 
Types (2) to (10) will be described later by referring to experimental results. 
The wavelength of the surface acoustic wave is A. M . 

Figure 5 is a graph showing the result of the measurement of phase 
velocity (propagation velocity) depending on the thickness H of the ZnO layer in 
the case where the thickness HD of the diamond layer is 2jtHD/ X M = 4.0. The 
abscissa represents 2% WX U , and the ordinate represents phase velocity (m/s). 
According to this result, as the ZnO layer is thinner, the ZnO layer is more 
susceptible to the effect of the diamond having a high velocity of sound, and the 
phase velocity becomes higher. The values indicated by squares represent a 
zeroth order mode, the values indicated by lozenges represent a first order 
mode, the values indicated by circles represent a second order mode, the values 
indicated by triangles represent a third order mode, the values indicated by x 
marks represent a fourth order mode, and the values indicated by + marks 
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represent a fifth order mode. The phase velocity does not change depending 
on the difference in the structure (the difference in Types I, II, III and IV). 

Figure 6 is a graph showing the result of the measurement of the 
electromechanical coupling coefficient K 2 in the structure of Type I. When the 
ZnO layer is thin, the electromechanical coupling coefficient in the second order 
mode is large. When the ZnO layer becomes thicker, the electromechanical 
coupling coefficient in the first order mode becomes large. When the ZnO 
layer becomes further thicker, the electromechanical coupling coefficients in 
the zeroth, second and fourth order modes become large. 

Figure 7 is a graph showing the result of the measurement of the 
electromechanical coupling coefficient K 2 in the structure of Type II. When 
the ZnO layer is thin, the electromechanical coupling coefficient in the first 
order mode is large. When the ZnO layer becomes thicker, the 
electromechanical coupling coefficients in the zeroth and third order modes 
become large. When the ZnO layer becomes further thicker, the 
electromechanical coupling coefficients in the first, second and fifth order 
modes become large. 

Figure 8 is a graph showing the result of the measurement of the 
electromechanical coupling coefficient K 2 in the structure of Type III. When 
the ZnO layer is thin, the electromechanical coupling coefficients in the zeroth 
and first order modes are large. When the ZnO layer becomes thicker, the 
electromechanical coupling coefficient in the third order mode becomes large. 
When the ZnO layer becomes further thicker, the electromechanical coupling 
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coefficients in the first, second and fifth order modes become large. 

Figure 9 is a graph showing the result of the measurement of the 
electromechanical coupling coefficient K 2 in the structure of Type IV. When 
the ZnO layer is thin, the electromechanical coupling coefficients in the zeroth 
and first order modes are large. When the ZnO layer becomes thicker, the 
electromechanical coupling coefficient in the first order mode becomes large. 
When the ZnO layer becomes further thicker, the electromechanical coupling 
coefficients in the zeroth, second, third and fourth order modes become large. 

Figure 10 is a graph showing the result of the measurement of a 
propagation loss in the structure of Type I. The propagation loss is plotted for 
the first order mode wherein the electromechanical coupling coefficient is large. 
As a result, the thicker the ZnO layer, the smaller the propagation loss. 

Double electrodes were used as interdigital transducers to measure the 
propagation loss. The double interdigital transducers are structured as 
described in Figure 12 so that two electrode segments having a width of dm are 
arranged with a clearance of df therebetween whereby the two electrode 
segments are formed repeatedly at intervals of 2 (df + dm). When the 
electrodes are used to excite a surface acoustic wave, the electrodes can reduce 
the effect of scattering owing to the mismatch between the substance of the 
electrode section and the substance of the piezoelectric section. 
[Explanation of Types 2 to 10] 

Type I ... Types 2, 3 and 4 
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(Type 2) The surface acoustic wave device of this type has a structure 
wherein a ZnO layer is stacked on a dielectric thin film comprising a diamond 
layer or a diamond layer formed on a substrate, and interdigital transducers for 
exciting a surface acoustic wave are disposed on the ZnO layer. This type is 
characterized by the use of a second order mode surface acoustic wave excited 
by a structure wherein the value of 2te-H/ X M satisfies (^n-WX^ = 5.0 to 6.0 
when the thickness of the ZnO layer is H and the wavelength of the surface 
acoustic wave is X M . 

The smaller the value of (2n-H/X^, the larger the phase velocity V. 
This is desirable with respect to the phase velocity. However, when (27t H/ X ^) 
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is less than 4.2, the electromechanical coupling coefficient becomes small, that 
is 0.5% or less. Furthermore, when (2jc H/ X ^ is more than 6.0, the 
propagation velocity is 5500 m/s or less. This propagation velocity is a value 
attainable by conventional materials. 

(Type 3) The surface acoustic wave device of this type has a structure 
wherein a ZnO layer is stacked on a dielectric thin film comprising a diamond 
layer or a diamond layer formed on a substrate, and interdigital transducers for 
exciting a surface acoustic wave are disposed on the ZnO layer. This type is 
characterized by the use of a third order mode surface acoustic wave excited by 
a structure wherein the value of 2tc H/ X M satisfies (2n H/X M ) = 6.0 to 8.5 when 
the thickness of the ZnO layer is H and the wavelength of the surface acoustic 
wave is X M . 

The smaller the value of (2%-WX^, the larger the phase velocity V. 
This is desirable with respect to the phase velocity. However, when (2%-W X ^ 
is less than 6.0, the electromechanical coupling coefficient becomes small, that 
is 0.5% or less. Furthermore, when (2jt H/ X ^ is more than 8.5, the 
propagation velocity is 5500 m/s or less. This propagation velocity is a value 
attainable even by conventional materials. 

(Type 4) The surface acoustic wave device of this type has a structure 
wherein a ZnO layer is stacked on a dielectric thin film comprising a diamond 
layer or a diamond layer formed on a substrate, and interdigital transducers for 
exciting a surface acoustic wave is disposed on the ZnO layer. This type is 
characterized by the use of a fourth order mode surface acoustic wave excited 
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by a structure wherein the value of 2jt*H/ X M satisfies (2jc H/1 m) = 9.0 to 10.0 
when the thickness of the ZnO layer is H and the wavelength of the surface 
acoustic wave is X u . 

The smaller the value of (2nU/X^, the larger the phase velocity V. 
This is desirable with respect to the phase velocity. However, when (2ir H/ X ^ 
is less than 9.0, the electromechanical coupling coefficient becomes small, that 
is 0.5% or less. 

Type II ... Type 5 

(Type 5) The surface acoustic wave device of this type has a structure 
wherein interdigital transducers for exciting a surface acoustic wave are 
disposed on a dielectric thin film comprising a diamond layer or a diamond 
layer formed on a substrate, and a ZnO layer is stacked on the interdigital 
transducers. This type is characterized by the use of a fifth order mode 
surface acoustic wave excited by a structure wherein the value of 2n-H/X u 
satisfies (^n-HJX^ = 7.7 to 9.5 when the thickness of the ZnO layer is H and 
the wavelength of the surface acoustic wave is X M . 

The smaller the value of (2%BJX^, the larger the phase velocity V. 
This is desirable with respect to the phase velocity. However, when (2ji H/ X ^) 
is less than 7.7, the electromechanical coupling coefficient becomes small, that 
is 0.5% or less. Furthermore, when (2tc H/ X m) is more than 9.5, the 
electromechanical coupling coefficient becomes small, that is 0.5% or less. 

Type in ... Types 6, 7 
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(Type 6) The surface acoustic wave device of this type has a structure 
wherein inter digital transducers for exciting a surface acoustic wave are 
disposed on a dielectric thin film comprising a diamond layer or a diamond 
layer formed on a substrate, a ZnO layer is stacked on the interdigital 
transducers, and a short-circuit electrode is disposed on the ZnO layer. This 
type is characterized by the use of the second order mode surface acoustic wave 
excited by a structure wherein the value of 2nW X M satisfies (2rc-H/ X ^) = 7.2 to 
8.5 when the thickness of the ZnO layer is H and the wavelength of the surface 
acoustic wave is X M . 

The smaller the value of (2k-WX^, the larger the phase velocity V. 
This is desirable with respect to the phase velocity. However, when (2n-W X m) 
is less than 7.2, the electromechanical coupling coefficient becomes small, that 
is 0.5% or less. Furthermore, when (2n H/ X ^ is more than 8.5, the 
propagation velocity is 5500 m/s or less. This propagation velocity is a value 
attainable even by conventional materials. 

(Type 7) The surface acoustic wave device of this type has a structure 
wherein interdigital transducers for exciting a surface acoustic wave are 
disposed on a dielectric thin film comprising a diamond layer or a diamond 
layer formed on a substrate, a ZnO layer is stacked on the interdigital 
transducers, and a short-circuit electrode is disposed on the ZnO layer. This 
type is characterized by the use of the fifth order mode surface acoustic wave 
excited by a structure wherein the value of 2n-W X M satisfies (2n W XJ = 7.8 to 
9.5 when the thickness of the ZnO layer is H and the wavelength of the surface 
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acoustic wave is X M . 

The smaller the value of (2rc-H/ A m), the larger the phase velocity V. 
This is desirable with respect to the phase velocity. However, when (2n H/ X m) 
is less than 7.8, the electromechanical coupling coefficient becomes small, that 
is 0.5% or less. Furthermore, when (2n W X m) is more than 9.5, the 
electromechanical coupling coefficient becomes small, that is 0.5% or less. 

Type IV ... Types 8, 9, 10 

(Type 8) The surface acoustic wave device of this type has a structure 
wherein a short-circuit electrode is stacked on a dielectric thin film comprising 
a diamond layer or a diamond layer formed on a substrate, a ZnO layer is 
stacked on the short-circuit electrode, and intercbgital transducers for exciting 
a surface acoustic wave are disposed on the ZnO layer. This type is 
characterized by the use of the second order mode surface acoustic wave excited 
by a structure wherein the value of 2jc H/^ m satisfies (2nWX^) = 4.8 to 6.0 
when the thickness of the ZnO layer is H and the wavelength of the surface 
acoustic wave is X M . 

The smaller the value of (2%-WX^), the larger the phase velocity V. 
This is desirable with resp ect to the phase velocity. However, when (2n •H/^J 
is less than 4.8, the electromechanical coupling coefficient becomes small, that 
is 0.5% or less. Furthermore, when (2nHJ X ^ is more than 6.0, the 
propagation velocity is 5500 m/s or less. This propagation velocity is a value 
attainable even by conventional materials. 

(Type 9) The surface acoustic wave device of this type has a structure 
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wherein a short-circuit electrode is stacked on a dielectric thin film comprising 
a diamond layer or a diamond layer formed on a substrate, a ZnO layer is 
stacked on the short-circuit electrode, and interdigital transducers for exciting 
a surface acoustic wave are disposed on the ZnO layer. This type is 
characterized by the use of the third order mode surface acoustic wave excited 
by a structure wherein the value of 2n-WX M satisfies (2%-WX^ = 6.0 to 8.5 
when the thickness of the ZnO layer is H and the wavelength of the surface 
acoustic wave is X M . 

The smaller the value of (27t-H/ X^), the larger the phase velocity V. 
This is desirable with respect to the phase velocity. However, when (2%-BJ X ^ 
is less than 6.0, the electromechanical coupling coefficient becomes small, that 
is 0.5% or less. Furthermore, when (2n-H/ X ^ is more than 8.5, the 
propagation velocity is 5500 m/s or less. This propagation velocity is a value 
attainable even by conventional materials. 

(Type 10) The surface acoustic wave device of this type has a structure 
wherein a short-circuit electrode is stacked on a dielectric thin film comprising 
a diamond layer or a diamond layer formed on a substrate, a ZnO layer is 
stacked on the short-circuit electrode, and interdigital transducers for exciting 
a surface acoustic wave are disposed on the ZnO layer. This type is 
characterized by the use of the fourth order mode surface acoustic wave excited 
by a structure wherein the value of 2%WX U satisfies (2n-WX^ = 9.0 to 10.0 
when the thickness of the ZnO layer is H and the wavelength of the surface 
acoustic wave is X u . 
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The smaller the value of (2n-WX^ t the larger the phase velocity V. 
This is desirable with respect to the phase velocity. However, when (2%W X ^ 
is less than 9.0, the electromechanical coupling coefficient becomes small, that 
is 0.5% or less. 

The surface acoustic wave used for the devices of Type 1 to Type 10 may 
be a fundamental wave or a harmonic wave. The fundamental wave described 
herein has a wavelength of X = 2 (df + dm) wherein X is the wavelength of a 
generated surface acoustic wave, the width of each electrode segment of the 
interdigital transducer shown in Figure 11 is dm and the clearance between the 
electrode segments is df. The harmonic wave has a wavelength equal to a 
value obtained by dividing the wavelength of the fundamental wave by an 
integral multiple, i.e., X M = X/M when a multiple of the harmonic wave is M. 

Embodiments 

In the present invention, both a natural diamond and a synthetic 
diamond can be used. A monocrystalline diamond, a polycrystalline diamond 
and an amorphous diamond can also be used. The diamond may be used as a 
single piece or a thin film formed on a substrate made of a different material. 

The diamond layer may be a part of the substrate or the whole of the 
substrate. The whole of the diamond layer may be insulating, and a part or 
the whole thereof may be semi-conducting. The substrate on which a diamond 
film is formed may be made of an inorganic material or a metal, such as Si, Mo 
or W, or glass, ceramics, oxide or nitride. The optimal value of (2kBJX m) is 
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the same for any substrate material. However, when the diamond film is very 
thin and its thickness is much smaller than the wavelength . of a surface 
acoustic wave, in particular when 2%-BJX u < 0.5, an effect occurs depending on 
the substrate material. Hence, it is preferable that the value of 2n-W X M is 0.5 
or more. It is further preferable that the value of 2n-W X M is 4.0 or more. 

The thin film of a diamond can be formed by known methods, such as 
the CVD method, plasma CVD method, PVD method and thermal filament 
method. As methods of converting the gas inside a reaction chamber into 
plasma, various discharge methods, such as the high-frequency/low-frequency 
glow discharge method and arc discharge method, can be used. A diamond 
film can be formed by using a compound including hydrogen atoms. 
Furthermore, a diamond film can be formed by using a gas capable of supplying 
halogen atoms and a compound including hydrogen atoms. The gas capable of 
supplying halogen atoms includes all of the compounds including halogen 
molecules as a matter of course, and compounds including halogen atoms in 
molecules thereof, such as halogenated organic compounds and halogenated 
inorganic compounds. These compounds are, for example, paraffin, olefin, 
alicydic and aromatic organic compounds, such as methane fluoride, ethane 
fluoride, methane trifluoride and ethylene fluoride, and inorganic compounds, 
such as silane halide. The temperature of the substrate can be lowered by 
introducing a halogen gas into a film -forming chamber. A diamond film can be 
formed at 200°C to 900°C. 

It is preferable that the halogen gas have a large force of bonding with 
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hydrogen and have a small atomic radius. In particular, when forming a 
stable film under a low pressure, fluoride compounds are preferably used. 
Furthermore, compounds including hydrogen atoms are aliphatic hydrocarbons, 
such as methane, ethane and propane, aromatic hydrocarbons, such as benzene 
and naphthalene, unsaturated hydrocarbons such as ethylene and propylene, 
and organic compounds having hetero atoms such as hydrazine. 

A high-purity diamond is an insulator having a low dielectric constant. 
However, a semi-conducting diamond can be formed by introducing impurities, 
such as B, Al, P and S, or by introducing lattice defects by ion implantation or 
electron beam irradiation. The single crystal of a semi-conducting diamond 
including B is rarely yielded as natural diamond and can be produced 
artificially by the ultra-high pressure method. It is preferable that the 
diamond layer or the diamond film formed on the substrate be an insulator and 
have a resistivity of 10 7 Q cm or more, preferably 10 9 Q cm or more. 
Furthermore, it is preferable that the surface of the diamond layer or the thin 
film of a diamond be flat to reduce scattering of the surface acoustic wave or 
other losses. The surface is required to be ground as necessary. 

In addition, it is also possible to use the thin film of a single-crystal 
diamond formed by the epitaxial method. The thin film of ZnO can be grown 
by the sputtering method or the CVD method so as to have high piezoelectric 
performance and so as to be excellent in the c-axis orientation property. It is 
preferable that the c-axis orientation of the thin film is 3° or less in terms of the 
a value and that the resistivity thereof is 10 5 Q cm or more. 
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It is desirable that the ZnO film have the c-axis orientation property. 
The c-axis orientation is defined herein that the (001) face of the ZnO film is 
parallel with the substrate. When the formed ZnO film is c-axis oriented, it is 
possible to attain a surface acoustic wave device wherein the piezoelectric 
performance originally provided in the ZnO film is fully used. 

As materials of the interdigital transducers and the short-circuit 
electrode, it is possible to use metals that have low resistivity values and can be 
formed into electrodes by etching, for example, metals that can be subjected to 
vapor deposition at low temperatures, such as Au, Al and Cu, metals that can 
be formed into films at high temperatures, such as Ti, Mo and W, or a 
combination of two or more kinds of metals, such as Al vapor-deposited on Ti. 
For ease of electrode production, it is preferable to use Al or Ti. The 
interdigital transducer can be formed as described below. After a metal film 
for the electrode is formed, a resist is applied uniformly to the surface of the 
metal film for the electrode. A mask formed of a transparent flat plate made 
from glass or the like having an interdigital transducer pattern is placed on the 
surface of a metal that has been applied with a resist, and the resist is exposed 
to light by light irradiation using a mercury lamp or the like. Or, without using 
a mask, the resist may be directly exposed to electron beams. After this, 
development is carried out to form a interdigital transducer in accordance with 
the resist pattern. 

Although the thicknesses of the interdigital transducers and the short- 
circuit electrode are not particularly restricted, the thicknesses preferably 
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should be about 10 to 500 nm. When the thicknesses are less than 10 nm, the 
resistivity values become high and the losses increase. On the other hand, 
when the thicknesses are more than 500 nm, a mass addition effect causes a 
significant reflection of the surface acoustic wave. 

As a method of etching the electrodes, the wet etching method by using 
an alkaline solution, such as a sodium hydroxide solution, or by using an acidic 
solution, such as nitric acid, can be used for low-melting-point metals, such as 
Al. High-melting-point metals can also be etched by using a mixed solution of 
hydrofluoric acid and nitric acid. Furthermore, the electrodes can also be 
produced by the reactive ion etching method by using BC1 3 gas or the like. 

The chemical agents or gases used during electrode etching may 
degrade the surface of ZnO. To prevent this, it is possible to insert a thin 
insulator or a dielectric substance between the ZnO film and the interdigital 
transducers. In this case, the thickness of the thin film is required to be 50 
nm or less to prevent the effect of the thin film. 
(Embodiment 1) 

The four kinds of surface acoustic wave filters shown in Figures 1 
through 4 were produced while the thickness of the ZnO film was changed. 
The characteristics of the filters were measured, and the phase velocity V = f • 
X M of a surface acoustic wave was obtained from the operating frequency f of 
each filter. The radiant impedance of the interdigital transducers was 
measured, and the electromechanical coupling coefficient K 2 was obtained. 

After a diamond film having a thickness of 50 /x m was formed on a Si 
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substrate having dimensions of 10 mm x 10 mm x 0.3 mm by the microwave 
plasma CVD method, the surface of the diamond was polished to have various 
thicknesses of 1 to 30 /z m by using a diamond coat grinder. A gas obtained by 
diluting CH 4 with H 2 100 times was used as the material of the diamond. 
Each of these films had a resistivity of 10 9 Q cm or more. 

A piezoelectric body, interdigital transducers or a short-circuit electrode 
was formed on the polished surface of the diamond. A thin film of ZnO was 
formed as a piezoelectric body. The thin film of ZnO was obtained by 
sputtering polycrystalline ZnO by using the mixed gas of Ar and oxygen. The 
conditions of the sputtering are as follows: a substrate temperature of 400°C, 
an RF power of 160 W and a pressure of 2.7 Pa. The thickness of the ZnO film 
can be changed by changing the sputtering time. The ZnO films having 
thicknesses (2n-WX^) in the range of 0.2 to 10 were formed. 

The interdigital transducers and the short-circuit electrode were vapor- 
deposited so as to have a thickness of 50 nm by the resistance heating method, 
and the electrodes were produced by the photolithography method. The wet 
etching method was used to produce the electrodes. The width of each 
electrode segment and the clearance between the electrode segments were 0.5 
n m to 4 n m. A fundamental wave was formed in accordance with the 
electrode pattern shown in Figure 11 so as to have a wavelength X M of 2 to 16 
n m. A harmonic wave was formed in accordance with the electrode pattern 
shown in Fig. 12 so as to be a third harmonic wave having a wavelength X M of 
1.33 to 10.67 fim. 
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Figure 5 is a graph showing a phase velocity depending on the thickness 
(2n-BJX^) of the ZnO film. Figure 6 is a graph showing a result of the 
measurement of the electromechanical coupling coefficient obtained by the 
structure shown in Fig. 1 depending on the thickness (2n-H/X ^ of the ZnO film. 
Figure 7 is a graph showing a result of the measurement of the 
electromechanical coupling coefficient obtained by the structure shown in Fig. 2 
depending on the thickness (2n-WX^ of the ZnO film. Figure 8 is a graph 
showing a result of the measurement of the electromechanical coupling 
coefficient obtained by the structure shown in Fig. 3 depending on the 
thickness (2nWX 1 S) of the ZnO film. Furthermore, Fig. 9 is a graph showing 
a result of the measurement of the electromechanical coupling coefficient 
obtained by the structure shown in Fig. 4 depending on the thickness (2nK/X 
m) of the ZnO film. According to the figures, the structures selected depending 
on the thickness (2nWX^ and mode have high phase velocities of 5500 m/s or 
more and high electromechanical coupling coefficients of 0.5% or more, and can 
operate at higher frequencies in comparison with conventional materials, such 
as quarts crystal, IiNbO s , etc. 
(Embodiment 2) 

Surface acoustic wave filters, structured as shown in Figure 1 and 
having three kinds of double electrodes with different film thickness, were 
produced while the thickness of the ZnO was changed. The electrode 
segments of the electrode were formed so that the width of each electrode 
segment and the clearance between the electrode segments were 1 n m. The 
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value 8 times the electrode segment width dm + electrode interval df, that is, 8 
x (dm+df), is defined as a basic value. Electrode patterns were formed in which 
the distances between the centers of the electrode segments of the input and 
output electrodes in the width direction were set, respectively, to values 40, 80, 
and 120 times the basic value. By using a surface acoustic wave filter having 
these patterns, frequency characteristics of losses with respect to the 
fundamental wave were measured, and propagation losses were determined 
from the inclinations of losses. The wavelength X M was 6.4 /zm. 

As a result, as shown in Figure 10, the propagation loss decreases, as 
the ZnO film is thicker. In comparison with the case where the thickness 
2tpH/ X M of the ZnO is 1, the setting of the film thickness for this time can 
reduce the propagation loss from 71 dB/cm to 66 dB/cm. Hence, the propagation 
loss clearly is reduced in comparison with the case of the conventional film 
thickness. 

Industrial Applicability 

According to the present invention, it is possible to obtain a surface 
acoustic wave device having a small propagation loss, a large propagation 
velocity and a large electromechanical coupling coefficient. It is thus possible 
to easily provide a surface acoustic wave device operating in the high frequency 
range of several hundreds of MHz to several tens of GHz. The surface acoustic 
wave device can be used for band-pass filters, resonators, oscillators and 
convolvers. 
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CLAIMS: (amended) 

1. (Delete.) 

2. (After amendment) A surface acoustic wave device having a structure 
wherein a ZnO layer is stacked on a dielectric thin film comprising a diamond 
layer or a diamond layer formed on a substrate, andinterdigital transducers for 
exciting a surface acoustic wave are disposed on said ZnO layer, being 
characterized by the use of a second order mode surface acoustic wave excited 
by a structure wherein the value of 2n-WX u satisfies (2n-WXJ = 5.0 to 6.0 
where the thickness of said ZnO layer is H and the wavelength of the surface 
acoustic wave is X M . 

3. A surface acoustic wave device having a structure wherein a ZnO 
layer is stacked on a dielectric thin film comprising a diamond layer or a 
diamond layer formed on a substrate, and interdigital transducers for exciting 
a surface acoustic wave are disposed on said ZnO layer, being characterized by 
the use of a third order mode surface acoustic wave excited by a structure 
wherein the value of 2n-WX u satisfies (2nW X ^ = 6.0 to 8.5 where the 
thickness of said ZnO layer is H and the wavelength of the surface acoustic 
wave is X M . 

4. A surface acoustic wave device having a structure wherein a ZnO 
layer is stacked on a dielectric thin film comprising a diamond layer or a 
diamond layer formed on a substrate, and interdigital transducers for exciting 
a surface acoustic wave are disposed on said ZnO layer, being characterized by 
the use of a fourth order mode surface acoustic wave excited by a structure 
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wherein the value of 2n-WX M satisfies (2n-BJX^ = 9.0 to 10.0 where the 
thickness of said ZnO layer is H and the wavelength of the surface acoustic 
wave is X M . 

5. A surface acoustic wave device having a structure wherein 
interdigital transducers for exciting a surface acoustic wave are disposed on a 
dielectric thin film comprising a diamond layer or a diamond layer formed on a 
substrate, and a ZnO layer is stacked on said interdigital transducers, being 
characterized by the use of a fifth order mode surface acoustic wave excited by 
a structure wherein the value of 2it-H/ X M satisfies (2jc H/2 J = 7.7 to 9.5 where 
the thickness of said ZnO layer is H and the wavelength of the surface acoustic 
wave is X u . 

6. A surface acoustic wave device having a structure wherein 
interdigital transducers for exciting a surface acoustic wave are disposed on a 
dielectric thin film comprising a diamond layer or a diamond layer formed on a 
substrate, a ZnO layer is stacked on said interdigital transducers, and a short- 
circuit electrode is disposed on said ZnO layer, being characterized by the use of 
the second order mode surface acoustic wave excited by a structure wherein the 
value of 2n-B/X M satisfies (2it-WX^ = 7.2 to 8.5 where the thickness of said 
ZnO layer is H and the wavelength of the surface acoustic wave is X M . 

7. A surface acoustic wave device having a structure wherein 
interdigital transducers for exciting a surface acoustic wave are disposed on a 
dielectric thin film comprising a diamond layer or a diamond layer formed on a 
substrate, a ZnO layer is stacked on said interdigital transducers, and a short- 
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circuit electrode is disposed on said ZnO layer, being characterized by the use of 
the fifth order mode surface acoustic wave excited by a structure wherein the 
value of 2nWX M satisfies (2%BJX^ = 7.8 to 9.5 where the thickness of said 
ZnO layer is H and the wavelength of the surface acoustic wave is X M . 

8. A surface acoustic wave device having a structure wherein a short- 
circuit electrode is stacked on a dielectric thin film comprising a diamond layer 
or a diamond layer formed on a substrate, a ZnO layer is stacked on said short- 
circuit electrode, and interdigital transducers for exciting a surface acoustic 
wave are disposed on said ZnO layer, being characterized by the use of the 
second order mode surface acoustic wave excited by a structure wherein the 
value of 2n-WX u satisfies (^n BJX^ = 4.8 to 6.0 where the thickness of said 
ZnO layer is H and the wavelength of the surface acoustic wave is X M . 

9. A surface acoustic wave device having a structure wherein a short- 
circuit electrode is stacked on a dielectric thin film comprising a diamond layer 
or a diamond layer formed on a substrate, a ZnO layer is stacked on said short- 
circuit electrode, and interdigital transducers for exciting a surface acoustic 
wave are disposed on said ZnO layer, being characterized by the use of the 
third order mode surface acoustic wave excited by a structure wherein the 
value of 2je*H/ X M satisfies (2nB./X^ = 6.0 to 8.5 where the thickness of said 
ZnO layer is H and the wavelength of the surface acoustic wave is X M . 

10. A surface acoustic wave device having a structure wherein a short- 
circuit electrode is stacked on a dielectric thin film comprising a diamond layer 
or a diamond layer formed on a substrate, a ZnO layer is stacked on said short- 
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circuit electrode, and interdigital transducers for exciting a surface acoustic 
wave are disposed on said ZnO layer, being characterized by the use of the 
fourth order mode surface acoustic wave excited by a structure wherein the 
value of 2n-BJX u satisfies (2%-BJ X ^ = 9.0 to 10.0 where the thickness of said 
ZnO layer is H and the wavelength of the surface acoustic wave is X M . 

11. (Delete.) 

12. (Delete.) 
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ABSTRACT 

The present invention provides a surface acoustic wave device 
comprising a diamond, having operating frequencies in the range of several 
hundreds of MHz to several tens of GHz, and being capable of operating at high 
frequencies. 

The surface acoustic wave device of the present invention comprises a 
diamond layer or a substrate layer and a diamond layer, a ZnO piezoelectric 
layer, interdigital transducers and a short-circuit electrode layer, being 
characterized in that (2n-H/ X m) is in the range of 3.0 to 10.0 where the 
thickness of the ZnO layer is H and the wavelength of the surface acoustic wave 
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Second Given Name 


Residence and Citizenship 


City " Ay 
Itami-shi vJT^ 


State or Foreign Country 
Hyogo 


Country of Citizenship 
Japan 


Post Office Address 


Post Office Address 

C/o Itami Works of Sumitomo Electric 

Industries, Ltd. , 1-1, Koyakita 1-chome 


City 

Itami-shi, 


State & Zip Code/Country 
Hyogo, 664-0016 Japan 





Full Name of Inventor 


Family Name 

NAKAHATA 


First Given Name 

Hideaki 


Second Given Name 


204 


Residence and Citizenship 


C,ty ttamLshl ^ <?X 


State or Foreign Country 
Hyogo 


Country of Citizenship 
Japan 




Post Office Address 


Post Office Address 

C/o Kami Works of Sumitomo Electric 

Industries, Ltd. , 1-1, Koyakita 1-chome 


City 

Kami-shi 


State & Zip Code/Country 
Hyogo, 664-0016 Japan 




Full Name of Inventor 


Family Name 

— SHfKATA 


First Given Name 

SMnichl 


Second Given Name 


205 


Residence and Citizenship 


City „ , *, 

Kami-shi O \ X 


State or Foreign Country 
Hyogo 


Country of Citizenship 
Japan 




Post Office Address 


Post Office Address 

C/o Kami Works of Sumitomo Electric 

Industries, Ltd. , 1-1, Koyakita 1-chome 


City 

Kami-shi 


State & Zip Code/Country 
Hyogo, 664-0016 Japan 



I hereby declare that all statement made herein of my own knowledge are true and that all statements made on information and belief are believed to be true- 
and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment or 
both, undersection 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application or any ' 
patgnt issuing thereon. 



Stature of Inventor 201: 

O 



Signature of Inventor 204: 



D 

Hi 



Signature of Inventor 202: 



Signature of Inventor 205: 



Signature of Inventor 203: 



Signature of Inventor 206: 



